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IMMUNISATION AND GASTRIC COLONISATION WITH HEUCOBACTER 
FEUS 

Keith Heap and Adrian Lec 

UnivCTsiiy of New South Wales, Sydney, Australia 2033 
Introduction 

There is accumulating evidence that long lerm infecdon with Helicobacier pylori ^is a 
prerequisite for the development of atrophic gastritis and the subsequent 
development of gastric cancer in a subset of persons in certain developing countries. 
Thus, introduction of intervention strategies at an earl^ age may influence the 
morbidity and mortality of this serious disease. Immunisation virould be an attractive 
option but, given H. pylori can survive in the body for tens of years in the presence 
of a strong immune response, may not be effective. Helicobacter feOs will colonise 
the gastric mucosa of SPF mice in large numbers occupying the gastric pits and 
mucus. Like H. pylori in humans this bacterium will remain for the life of the 
animal* Thus, the H. fills- infected mouse would appear to be a good model to test 
the hypothesis that immunisation can protect against colonisation with gastric 
helicobacters. 
Methods 

SPF mice were inmiuniscd by intravenous injection of 0.1 ml of a suspension of 
viable //./e/w (108/ ml) once a week for 5 weeks or infected per os over 5 days 
with three doses of the bacterium. Immune responses of both these groups of 
ammals were measured. A similar group of parcnterally immunised animals were 
challenged wiih Uving cultures of H.felis. A final group of orally H.felis -infected 
animals was cleared of the organism with triple anti-microtnal therapy for 28 days 
(tetracycline, metronidazole, bismuth subcitrate). These animals and controls that 
had been given saline instead of triple therapy were then challenged with a living 
culture of H.felis. All challenged ammals were assessed forH.jfelis colonisation 
by rapid urease testing of gastric dssue and histology. 
Results 

Parenteral immunisation of mice with living cultures of H.felis induced a very high 
level of scrum IgG, significant IgM and IgA could be delected in the bile. Serum 
responses post oral infection were much less and developed slowly. 
Hyperimmunisation of mice with an intravenous injection of a live culture of//. 
felis had no protective effect on gastric colonisation. In contrast, in mice cleared of 
infection with H.felis by administration of a one month treatment of antibiotics, 
some effect on rechallcnge was seen. Colonisation was significantly delayed, wiih 
numbers of animals showing no mtasc reactivity for up to 1 0 days after rechallengc 
with an inoculom of H.felis \h?x always gave 100% positivity in normal animals. 
Conclusion 

Parenteral immunisauon with H.felis gave absolutely no proiccrion against gastric 
colonisation. The same is likely lo be uue for H. pylori. However, preliminary 
experiments show that jjrevious oral infection with living bacteria did appear to have 
some effect on reinfection. Funhei experiments are in progress to assess the value 
of oral immunisation against infection wiih gasiric hcllcobacicrs. 
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Demonstration of a Cytotoxin from 
Campylobacter pylori 

V. Hupertz*. S. Czinn 



In order to determine if Campylobacter pylori pro- 
duces a cytotoxin, a study was performed using 
bacterial lysates from three clinical isolates of the 
organism. The lysates were cytotoxic for Chinese 
hamster ovar>^ cells, as determined bv a microtiter 
assay. The lysates were also lethal for mice after 
intraperitoneal injection. Loss of toxicity and 
lethality followed tiypsinization, heating and acidi- 
fication of ceU-free lysates. It is concluded that the 
toxic factor(s) in Campylobacter pylori mav be a 
protein. 



Gastroduodenal disease is a common and costly 
disease in industriahzed nations. Since back- 
diffusion of hydrogen ions is considered by many 
to be the primary cause of gastric mucosal damage, 
therapy has been directed at inhibiting gastric acid 
secretion. However, the relapse rate has remained 
extremely high, sometimes approaching 100% 
despite standard therapeutic regimens, which 
suggests another etiology for this illness (1). The 
recovery of Campylobacter pylori from gastric 
biopsies of patients with histologic evidence of 
gastritis or gastric and duodenal ulcers has provided 
a basis for presumption of a bacterial etiolog>' in 
some forms of gastroduodenal disease (2—4). Biopsy 
material from Campylobacter pylori-intecied patients 
has demonstrated marked epithelial disruption of 
the gastric mucosa and a significant inflammator\' 
response within the lamina propria. 

The goal of this study was to determine if Campylo- 
bacter pylori produces a cytotoxin. The presence of 
a bacterial-associated toxin was evaluated in both an 
animal model and a cytotoxin microtiter assay. 

Materials and Methods. The three bacterial strains 
of Campylobacter pylori studied included one clinical 
isolate each from a pediatric and adult patient with 
gastritis (PI .2 and A3, respectively) and a strain 
graciously supphed by Dr. M. A. Kkrmali, Hospital 
for Sick Children, Toronto, Canada. The identit\' of 
the test strains was confirmed by Gram stain, colony 
morphology, urease, catalase and oxidase production. 
For the mouse virulence assay, the bacteria were 

Depaninent of Pediatrics, Division of Pediatric Gasuo- 
emeroIog>, Rainbow Babies and ChUdren s Hospital Case 
H estern Resene L niversitx , 2074 Abington Road. Oeveland 
Ohio 44106, ISA. 



incubated microaerophilically at 3" "C in 10^ CO. 
for four days on Columbia agar supplemented ^^ith 
5 % sheep blood, recovered in PBS. and hanested 
by centrinigation. 

Chinese hamster ovarv-Kl (CHO) ceils (ATCC 
CCL61 Rockvilie, MD' ISA) were incubated :n 
Hams-F12 media (Flow Laboratories. US.\) supple- 
mented uith \0 9c fetal calf serum (FCS). 50IUml 
of penicillin, 50 meg. ml of streptomycin, and 2,5 
mcg/ml of amphotericin at 37 X. Incubation was 
performed in 5 % CO:; in 25 cm^ tissue culture rlasks. 
For the microtiter assays, freshly tr\-psinized CHO 
cells were counted in a Xeubauer counting chamber 
and diluted with Hams-F-12 media to a final con. 
cent ration of 5 X 10"* cells ml. 

Bacterial suspensions of Campylobacter priori 
were kept in ice and lysed b\- sonication using 4-30 s 
bursts. Cellular debris was cleared by centrifugation 
at 12,000 X ^ for 15 min. The resulting supematants 
were filter sterihzed using 0.45 fx filters. Serial dilu- 
tions were prepared in PBS for the mouse virulence 
assays and in Hams-F12 without FCS for the CHO 
microtiter assays. 

Serial dilutions of bacteria in PBS or cell-free lysates 
were injected intraperitoneally into 6-week-old 20 g 
CF-1 male mice (Charles River Laboratories, LSA) 
and surA-ivors were counted daily for a total of four 
days. Control mice received PBS. The bacteria] 
inoculum or dilution of cell-free lysate required to 
kill 50 St of the test animals (LD5b) was calculated 
by the method of Reed and Muench (5 ). 

The cytotoxicity assay used was a modification of 
the technique described by Gentr>^ and Dalr>Tnple 
(6). CHO ceDs were suspended in Hams-Fl2 medium 
supplemented with 10^^ FCS to a fmal concentra- 
tion of 5X 10"* cells/ml. Ahquots of 0.1 ml were 
placed into each well of 96 well microtiter pistes 
(Becton Dickinson, L'S.\). Each plate was incubaied 
at 37 °C witii 5% CO. for 18-24 h to allow ihe 
formation of monola\ ers. Excess media was removed 
from each well. Dilutions of cell lysates in Hams-Fl2 
without FCS were added to each well in 0.1 ml 
aliquots and incubated for an additional 18-24 h. 
Negative controls were included on each pbie. 
Detached cells, residual media and toxin were 
removed b\- vigorous shaking and the remainiri£ 
ceUular monolayers were fixed with 2 Tc formalin 
in PBS for 1 min. The fixative was removed and 
the CHO ceUs were stained with 0.1 crvstal \iolet 
in 5 % ethanol.2 % formalin-PBS for 20 inin. Excess 
stain was removed and the plates were air dried. To 
quantitate loss of adherence, the stain eluted from 
two wells of the same toxin dilution was combined, 
diluted with 0.9 ml PBS, and the absorbance measured 
at 595 nm. Using four data points for each dilution, 
an elution profile was obtained by plotting the log 
of the toxin dilution versus the absorbance. The 



ciiution that produced 50 
waS chosen as the endpoini. 



detachment (CD50) 



R::sui:s and Discussion, Intrape-ioneai injection with 
uholr. live Campyiobacter rylori Pi. 2 into mice 
resulted in death 1 to Z davs after injection The 
LD50 was 1.9 X 10= CFL mouse (Table 1). Control 
mice injectec with PBS alone survived. 

InrraperitoneaJ injection of sterUe ceU-free bacten'aJ 
iysaies was lethal. The LDfOs \vere simUar for the 
three bacterial strains studied. Strain PI. 2 had an 
LDfO of 1.25 ms protein, mouse, strain A3 an LD50 
of : i mg protein mouse, and strain 5~1 and LD50 
of :.i5 mg protein mouse (Table 2). Death generally 
occurred within 48 h of injection and the mice 
showed signs of ilhiess (i.e. decreased acti\it\'. niffl- 
mg of fur and decreased food intake) 3^'h after 
it^ction. The to.xic factor present in the cell lysate 
*as partially characterized. Treatment of the" cell 
h-sate with trv-psin resulted in complete loss of 
lethality in the murine \1rulence assay. Heating the 
celi ]ysate up to 100 'C for 15 min also caused a loss 
of lo.vic acti\it}-. The stabihi>- of the toxic factor(s) 



Table 1: Results of i.p. injection of Campylobacter priori 
mto 6-week-oid mice. Data shown :s representative of nvo 
cxpemnents. 



to pHs rangmg from 4.0 to 10.0 revealed iha* d-e 
io.>ac acti\it>- was lost at a pH < 4^. 
Lsing the CHO microtiter assay. ceD vL»biIir\- «as 
markedh- diminished in the pre'sence of ceH h^te 
Morpholog\- of the cells remaining in the t^o'o- 
layers was nasintained. consistent uith a j\-To:oxic 
efreci rather than a cytoionic effect. Frcsn "the riot 
of absorbance versus log protein concentraiToc* a 
CD50 of 0.16 mg protein ml was obtained f Figure 2 l 
The mechanism by which Campylobjc:er p\-:<-^ri 
causes gastritis is unclear. Using the murine %-iruieiice 
assa\\ live Cjjupylobacier pylori was demonsirr Jd 
to be lethal. Attempts to recover the orEsnisn from 
the peritoneal ca\ity, gastric mucosa, stool and blood 
were unsuccessful. This suggests that the ieihal erect 
ma> be due to the release of toxic factors from 
Campylobacier pylori rather than infection and serais 
In this stud>- we were able to demonstrate 'that 
Campylobacter pylori produced a substance ^^iiich 
IS c\ totoxic to CHO ceils grown in tissue culture 
There was no e\idence of a cytoionic effect as has 
been described for cholera toxin (7). The c>-totasic 
effect was reproducible and quantifiable, \ielding a 
CDdO of 0.16 mg protein ml. The exact mechanism 
responsible for these cytotoxic effects remains lo 
be determined. The effect of the lysate after intra- 
peritoneal injection into adult mice was also examined. 



Number o: 
mice iniectei 



Number of 
mice that died 



5.2 X 10* 
2.5 X 105 
1.0 X lOS 
3.8 X 10* 



Table I: Resuii> of i.p. fniection o: <i^nU Ccmprlobacier 
py ^^n .\ sates ir.:o 6-u eek-oid mice. 



Campylobacter 
p:dori 



Protein 
conceniration 



Number 
of mice 
•riecied 



Number 
of mice 
that died 



4.5 
2.5 
1.5 
0.94 

6.4 

3-2 

1.6 

1.1 

0.64 

0.06 

6-0 
3.0 
1.5 
1-0 

0.75 
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10 
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10 
10 
10 
10 



9 
9 
9 
9 
9 



11 

S 
10 
0 

9 
10 
10 

4 

2 

0 
9 
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Figure 1: Campylobacter pylori to.vin axsa> . The eIu-"-r 
pattern is obtamed by plonins the absorbaice v^hiei r^SD 
at 595 mn <A595 i of the eluied dve asainst the \o<f of th- 
to-xin dilution. The control dye absoVbanc^ . repr^esc^nu-i 
zero detachment* value is indicated on the ordiate T-^ 
CDoO was obtained by e.xtrapolaiion from th^ cune 'Hie 
proiem concentration of the hsaie prior to dihirion »3t> 
2.:> me ml. 



The lysates were found to be lethal after intraperi- 
toneal injection ar.d their effect was dose-dependent. 
This was tnie for the three strains of Campylobacter 
pylori tested Tne LDSOs were similar, requiring 
concenuations in the range K10-1-S5 mg protein ml 
of crude lysate. Initial characterization of the toxin 
showed loss of acn\'ity upon tr\'psinization, acidifica- 
tion up to pH4.0 and heating up lo 100 "C for 
15 min. This indiciies that the toxic factor is proiein 
in nature. 

Crimpy lobacrer pylori has now been isolated from 
the gastric mucosa of most patients with gastroduo- 
denal disease. Koch's postulates have been fulillled 
in humans, proving that Campylobacter pylori is a 
pathogen (8, 9). We have shown that Campylobacter 
pylori is ten limes more \iruleni than Campylobacter 
fejuni in mice (lOK and that it produces a toxin 
that is lethal to mice and cytotoxic to CHO cells. 
Partial characterization suggests this toxin is protein 
in nature. Further studies are necessarv to determine 
whether this toxin is responsible for the gasiroduo- 
denal disease associated with Campylobacter pylori. 
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